S U M M A R Y The aim of this study was to evaluate seven anti-TIMP-1 (tissue inhibitor of metalloproteinase-1) monoclonal antibodies by immunohistochemical (IHC) staining of formalin-fixed, paraffin-embedded (FFPE) tissue. Detection of the TIMP-1 protein was studied by IHC in FFPE human archival normal and neoplastic samples. Indirect IHC technique was used, and the seven antibodies (clones VT1, VT2, VT4, VT5, VT6, VT7, and VT8) were tested in various concentrations using different pretreatment protocols. All seven VT antibodies specifically immunostained the cytoplasm of islets of Langerhans cells in normal pancreas, epithelial cells of hyperplastic prostate, tumor cells of medullary thyroid carcinoma, and fibroblast-like cells of malignant melanoma. Specificity of the anti-TIMP-1 antibodies was confirmed by several controls, e.g., Western blotting on proteins extracted from FFPE tissue showed that the VT7 antibody reacted specifically with a protein band of z28 kDa, corresponding to the molecular mass of TIMP-1. However, sensitivity varied with the different antibodies. Use of heat-induced epitope retrieval (HIER) and the VT7 clone applied at low concentrations demonstrated more intense immunoreactivity with the TIMP-1-positive cell types compared to the other six clones. Furthermore, when tested on a range of normal and neoplastic endocrine tissues, the VT7 clone demonstrated immunoreactivity with all neuroendocrine cell types. In conclusion, all seven antibodies detected TIMP-1 protein in various normal and neoplastic FFPE tissues, but one clone, VT7, was superior for IHC staining of TIMP-1 in FFPE tissue sections when using HIER.
tissue inhibitor of metalloproteinase-1 VT7 immunohistochemistry monoclonal antibodies neuroendocrine tissue TISSUE INHIBITOR of metalloproteinase-1 (TIMP-1) is a 28.5-kDa glycoprotein consisting of 184 amino acids in the mature protein and is the most extensively studied of the four TIMP family proteins (TIMP-1, -2, -3, and -4) characterized so far (Welgus et al. 1979; Stricklin and Welgus 1983; Welgus and Stricklin 1983; Carmichael et al. 1986; Gomez et al. 1997 ). TIMP-1 was originally named for the ability to inhibit the activity of the matrix metalloproteinases (MMPs), which is a family of Zn 21 -dependent endopeptidases (consisting so far of 24 members) (Mook et al. 2004 ) that are capable of degrading most, if not all, components of the extracellular matrix (Curran and Murray 1999) . However, TIMP-1 also exhibits several other biological functions including stimulation of proliferation in various cell types (Brew et al. 2000; Fassina et al. 2000; Lafleur et al. 2003 ) and inhibition of apoptosis (Guedez et al. 1998; Li et al. 1999; Murphy et al. 2002; Lambert et al. 2003; Liu et al. 2003) .
TIMP-1 is present in a wide range of normal and pathological tissues as well as in body fluids Cawston et al. 1986; Tomita and Iwata 1996 Tomita 1997a,b; Isisag et al. 2003; Holten-Andersen et al. 2005; Liu et al. 2005) . However, it is particularly the involvement of TIMP-1 in various cancers that has made this molecule the subject of many studies. Although early studies have shown TIMP-1 to have anti-tumor or anti-metastatic effects (Schultz et al. 1988; Khokha et al. 1989; Alexander and Werb 1992) , more recent reports indicate a dual function with positive correlation between increased TIMP-1 tumor tissue levels and poor outcome in colorectal, breast, and non-small-cell lung cancer (Fong et al. 1996; Murashige et al. 1996; Ree et al. 1997; Wurtz et al. 2005) . Our own studies have shown that plasma levels of TIMP-1 also carry the potential as a marker for colorectal cancer prognosis (Holten-Andersen et al. 2000) . In addition, we have found that plasma TIMP-1 measurements can be used for the early detection of colorectal cancer (Holten-Andersen et al. 1999 . By immunohistochemistry (IHC), TIMP-1 localization studies in various neoplastic tissues have similarly demonstrated TIMP-1 as a potential tumor marker for different cancers, e.g., colorectal cancer (Holten-Andersen et al. 2005 ) and breast cancer (Jones et al. 1999) . Common to these cancers is that TIMP-1 is primarily located in the stromal compartment of the tumors. In contrast, in various human neuroendocrine cancers, TIMP-1 protein is localized exclusively to the tumor cells, e.g., in islet cell tumors (Tomita and Iwata 1997) , medullary thyroid carcinoma (MTC) (Tomita 1997b) , parathyroid carcinoma (Tomita and Iwata 1999) , and Merkel cell carcinoma (Massi et al. 2003) .
IHC for detection of various tumor markers in neoplastic formalin-fixed, paraffin-embedded (FFPE) tissue sections have often demonstrated very conflicting interlaboratory results. Localization studies of TIMP-1 in FFPE colorectal cancer tissue have shown different results among research groups (Hewitt et al. 1991; Tomita and Iwata 1996; Holten-Andersen et al. 2005) . The reason for these conflicting results may be due to differences in the IHC protocol used in the studies, e.g., variation in fixation time of the particular tissue, no or less-optimal antigen retrieval and, probably most importantly, differences in the specificity and sensitivity of the antibodies used. In order to validate antibodies for the detection of a protein in FFPE tissue sections, optimization of a range of parameters in the IHC protocol is required, e.g., methods for retrieval of antigenic determinants that are damaged or masked by fixation. Heating in different buffers and protease digestion of the tissue prior to the staining procedure have shown to be valuable tools for improving the IHC performance of antibodies (Shi et al. 1997 (Shi et al. ,2001 ).
In the current study we characterized and optimized seven new TIMP-1 monoclonal antibodies (MAbs) for IHC staining. We used various normal and neoplastic human samples to compare and assess the seven antibodies with regard to sensitivity and specificity. The antibodies had previously been characterized biochemically with regard to affinities, specificities, linear epi-topes, recognition, and their abilities to sandwich with each other (Moller . Of the antibodies tested in the present study, one clone-VT7exhibited the highest sensitivity and was chosen for further testing on a range of neuroendocrine tissue sections. Together the results demonstrate the VT7 antibody to be optimal for IHC detection of TIMP-1 in FFPE tissues.
Materials and Methods

Tissue Samples
Localization of the TIMP-1 protein was studied in human FFPE archival tissue samples obtained from the Department of Pathology, Odense University Hospital in accordance with approval by the Scientific Ethical Committee for the county of Funen (Fyns Amt), Denmark (VF 20050110) . Tissues were routinely fixed in formalin prior to paraffin embedding.
For the comparative study of the seven anti-TIMP-1 MAbs, sections were cut from multi-tissue blocks (MTB) containing normal tissue from pancreas, colon, tonsil, liver, cerebellum, kidney, tissue from hyperplastic prostate, and neoplastic tissues from MTC and malignant melanoma.
For further characterization of the VT7 clone, a selection of normal and neoplastic archival human endocrine tissues was collected in five different MTBs. In addition, TIMP-1 immunoreactivity was tested on whole paraffin blocks of the following tissues: hyperplastic prostate, normal thyroid gland, normal parathyroid gland, MTC, and neuroblastoma.
Antibodies
Seven mouse MAbs raised against recombinant human TIMP-1 (clones VT1, VT2, VT4, VT5, VT6, VT7, VT8) were included (SSI; Copenhagen, Denmark). All clones are IgG 1 subtype. TIMP-1 antibodies were used at concentrations ranging from 0.1 to 10 mg/ml as specified in the Results section. In addition, MAbs against chromogranin A (1:100, clone DAK-A3, cat. #M0869) and Aspergillus niger glucose oxidase (negative control antibody, IgG 1 , cat. #X0931) were obtained from Dako A/S (Glostrup, Denmark).
IHC
Reagents used for IHC staining were obtained from Dako A/S and were used according to the manufacturer's instructions.
Paraffin sections (5 mm) were dewaxed with xylene and rehydrated through ethanol/water dilutions. Each antibody was tested with six different protocols: (1) without antigen retrieval of the sections; (2) proteolytic treatment by proteinase K (cat. #S3020) digestion for 5 min at room temperature or with heat-induced epitope retrieval (HIER) in one of four different buffers; (3) 10 mM citrate buffer, pH 6; (4) target retrieval solution, pH 6.1 (cat. #S1700); (5) target retrieval solution, pH 9 (cat. #S2368); (6) target retrieval solution, pH 9.9 (cat. #S3308). HIER procedure was performed by placing the sections in preheated retrieval solution for 40 min at 95-99C (not boiling) followed by 20 min at room temperature. Endogenous peroxidase activity in the sections was quenched by immersion in 3% hydrogen peroxide (cat. #S2023) for 5 min. Sections were incubated with primary antibody and diluted in antibody diluent (cat. #S3022) for 30 min at room temperature. MAbs were detected with mouse/rabbit Envision1 (cat. #K5007), and the reactions were visualized by incubating the sections with DAB1 (cat. #K5007) for two periods of 3 min. Washes between incubations were carried out with TBS containing 0.05% Tween 20, pH 7.6 (cat. #S3006). Sections were counterstained with Mayer's hematoxylin, and all staining procedures were performed in a Dako Autostainer.
For each experiment the following specificity control was included: one section was incubated with an irrelevant MAb against Aspergillus niger glucose oxidase diluted to the same IgG concentration as the primary antibody. In addition, one section was incubated with VT7 antibody pre-absorbed with a 10-fold molar excess of purified recombinant soluble TIMP-1 protein (R&D Systems; Minneapolis, MN).
IHC Analysis
Immunostaining of tissue sections was assessed semi-quantitatively using 1 and 2 symbols as a measure of the intensity in particular cell/tissue types: 1 indicates pale staining, 11 indicates marked staining, and 111 signifies intense immunostaining. A score of 1/2 means very weak staining in z1% of the cells, whereas a score of 2 means that there is no positive staining in any cell.
Protein Extraction
Proteins were extracted from FFPE tissue sections essentially as described previously (Ikeda et al. 1998 ). In brief, paraffin sections (5-mm thick) were cut for IHC staining and 20-mmthick parallel sections were cut for protein extraction and mounted on Superfrost glass slides. Twelve 20-mm-thick sections for protein extraction were dewaxed in xylene, rehydrated in graded ethanol, immersed in distilled water, and air dried. Tissues were transferred to 400 ml of radioimmunoprecipitation (RIPA) buffer (50 mM Tris-HCl, pH 7.4, 1% NP40, 0.25% Na-deoxycholate, 150 mM NaCl, 1 mM EDTA, 2% SDS, 10 mg/mL aprotinin, 1 mg/mL leupeptin, 1 mg/mL pepstatin A, 100 mg/mL Pefa-block). Samples were incubated at 100C for 20 min followed by incubation at 60C for 2 hr. After incubation, tissue lysates were centrifuged at 15,000 3 g for 20 min at 4C. Supernatants were collected and proteins were precipitated by adding 1:9 ice-cold 96% ethanol and incubating the mixture overnight. Samples were centrifuged at 15,000 3 g for 30 min at 4C. Supernatants were discarded and pellets were resuspended in RIPA buffer and stored at 220C until use for protein assay and Western blot analysis.
Protein Assay
Protein concentration of the lysates was determined with the BCA Protein assay kit (Pierce Biotechnology; Rockford, IL). Reagents were added to the lysates, and the absorbance was read at 570 nm. Protein concentration was determined based on the standard curve using BSA.
Western Blot Analysis
Proteins (z45 mg) were separated on a 12% polyacrylamide gel and blotted on nitrocellulose paper. The blot was blocked in PBS containing 0.1% Tween 20 and 5% dry milk for 1 hr and then incubated overnight with the primary antibody (anti-TIMP-1 mouse MAb, clone VT7, 3 mg/ml) in PBS containing 0.1% Tween 20 and 1% dry milk. Subsequently, the blot was washed 33 for 10 min in PBS containing 0.1% Tween 20, incubated with horseradish peroxidase-conjugated secondary antibody (1:1000, goat anti-mouse antibody, code #P0447; Dako A/S) in PBS containing 0.1% Tween 20 1% dry milk for 1 hr followed by washing 33 for 10 min in PBS containing 0.1% Tween 20. The blot was developed by ECL1 detection system (Amersham; Buckinghamshire, UK) according to the manufacturer's instructions.
Results
Comparison of Seven MAbs for Detection of TIMP-1 Protein in Various Normal and Neoplastic Human Tissues
All seven anti-TIMP-1 antibodies detected the TIMP-1 protein in the cytoplasm of cells from normal and neoplastic tissues. These cell types/tissues included islets of Langerhans cells in normal pancreas, tumor cells of the MTC (Figure 1Bi ), epithelial cells of the hyperplastic prostate (Figure 1Biii ), and fibroblast-like cells of malignant melanoma. Furthermore, in three types of tissues, some of the antibodies showed immunoreactivity. In normal colon, single cells scattered among the epithelial cells at the bottom of the colon crypts were detected by all the TIMP-1 antibodies with exception of VT1 (Table 1 ; Figures 2D and 2F ). Localization and morphology (bottle shape) of these cells suggested a neuroendocrine origin, which was confirmed by IHC staining with a monoclonal anti-chromogranin A antibody, a marker of neuroendocrine cells, and VT7 on parallel sections. The TIMP-1-positive cells colocalized with a subpopulation of chromogranin A-positive cells (not shown). Furthermore, a fraction of lymphocytes in the normal tonsil immunoreacted with the VT2, VT5, VT6, VT7, and VT8 MAbs and the VT7 detected the Purkinje cells of the normal cerebellum.
Normal kidney ( Figure 1Bii ) and hepatocytes of the normal liver ( Figure 1Biv ) displayed no TIMP-1 staining with any of the antibodies used.
Specificity of the Seven VT Clones
The negative control antibody (mouse IgG 1 ) diluted to the same IgG concentration as the anti-TIMP-1 antibody was used on all tissues and displayed no staining (not shown). Similarly, the pre-absorption control test in which the sections were incubated with VT7 antibody pre-absorbed with recombinant TIMP-1 was negative.
Furthermore, a Basic Local Alignment Search Tool (BLAST) analysis was performed in order to test if the specific sequences (linear epitopes) of the TIMP-1 protein that are bound by VT2, VT6, and VT7 (Moller ) also could be found in other known proteins. The result was that no known sequences in other human proteins matched the sequences of the TIMP-1 protein that react with the VT2, VT6, and VT7 antibodies. Finally, extraction of proteins from two tissues positive for TIMP-1 by IHC (MTC and hyperplastic prostate) and two tissues negative for TIMP-1 (normal kidney and normal liver) followed by Western blotting and VT7 incubation demonstrated an z28-kDa band in the TIMP-1 IHC-positive tissues, whereas the TIMP-1 IHC-negative tissues were also negative by Western blotting ( Figure 1A) .
Sensitivity of the Seven VT Clones
Sensitivity of the seven TIMP-1 MAbs depended strongly on three parameters: the antigen retrieval pro-tocol, the concentration of the antibodies, and the cell type/tissue tested.
Optimal IHC results were, for most of the tissues and antibodies, obtained using MAbs in combination with a citrate buffer for antigen retrieval, either the ''classic'' 10-mM citrate buffer, pH 6, or target retrieval solution, pH 6.1 (modified commercial citrate buffer). However, using the target retrieval solution, pH 9, in the HIER protocol resulted in a less-optimal staining (low signal/ noise ratio). Furthermore, when using the target retrieval solution, pH 9.9, as a pretreatment buffer, the procedure resulted in an impaired morphology. In order to improve the performance of these buffers, HIER protocol was changed using a more gentle procedure (20-min heating in the buffer instead of 40 min). This did not, however, improve the staining or the morphology.
Performance of the MAbs in combination with an antigen retrieval protocol using proteolytic treatment (proteinase K) resulted in a weak or negative result for all MAbs (Table 1) .
Finally, absence of antigen retrieval resulted likewise in a less-optimal performance of the antibodies except for the staining of the islets of Langerhans cells in normal pancreas. The antibodies performed equally well or slightly better with this tissue without antigen retrieval as when using HIER in combination with a citrate buffer.
IHC performance of the seven antibodies diluted to a very low concentration (0.1 mg/mL), a relatively low concentration (1 mg/mL), or a very high concentration (10 mg/mL) is listed in Table 1 . Furthermore, IHC results are shown for three IHC protocols: proteolytic treatment (proteinase K), HIER in a citrate buffer (target retrieval solution, pH 6.1), or without antigen retrieval. The antibodies were also tested in concentrations between 1 mg/mL and 10 mg/mL, but these are omitted from the table because the highest concentration (10 mg/ mL) is generally needed for all the clones, with the exception of VT7, to give a strong signal in the positive tissues. For the VT7 antibody, a concentration of 10 mg/ mL results in pronounced background staining, regardless of the pretreatment used.
For detection of TIMP-1 in islets of Langerhans cells in normal pancreas, all antibodies showed immunoreactivity to the protein. However, VT7 was the only antibody to demonstrate an intense immunoreactivity (111) when used at the low concentration (1 mg/mL) (with or without antigen retrieval), and even at the very low concentration of 0.1 mg/mL, this antibody demonstrated a pale (1) immunostaining. The intense specific VT7 staining was accompanied by some nonspecific staining indicating that the optimal concentration lies somewhere between 0.1 and 1.0 mg/mL. The highintensity staining (111) could also be achieved with the other VT clones, even without pretreatment, but only when applied at the highest concentration (10 mg/mL). TIMP-1 in the epithelial cells of hyperplastic prostate was detected by all MAbs even at the relatively low concentration (1 mg/mL). However, VT4 and VT7 were the only clones to demonstrate an intense immunoreactivity (111) at the low concentration (1 mg/mL) and a pale immunoreactivity (1) when further diluted 10 times. Again, this performance was achieved only when the tissue had been treated with HIER in a citrate buffer. The other antibodies also showed optimal performance in combination with antigen retrieval. However, they were capable of demonstrating only a pale (1) or moderate signal (11). Comparison of the performance of the VT7 clone in combination with three different antigen retrieval protocols is shown for the hyperplastic prostate in Figures 2A-2C .
Equally, tumor cells of the MTC were detected by all the MAbs. VT7 and VT4 were again the only antibodies to demonstrate an intense immunoreactivity (111) at the concentration of 1 mg/mL ( Figure 3 ) and a pale immunostaining in the 10-fold dilution. These results were again obtained only when the tissue was treated with HIER. The other antibodies demonstrated only very weak staining of pale (1) or moderate intensity (11), even at the highest concentration (10 mg/mL).
Finally, fibroblast-like cells of malignant melanoma were detected by all the VT antibodies. However, only 1, Pale staining in this cell type. 11, Marked staining. 111, Intense immunoreactivity. A score of 1/2 means very weak staining in approximately 1% of the cell type, whereas a score of 2 means that there is no positive staining in any cell of this type. *Some nonspecific staining and **strong nonspecific staining. Antibodies are tested at three concentrations: 0.1 mg/mL, 1 mg/mL, and 10 mg/mL, each in three different immunohistochemical (IHC) protocols: no antigen retrieval, proteolytic treatment (proteinase K), and heat-induced epitope retrieval (HIER) in a target retrieval solution, pH 6.1. N/A, not applicable. Boldface type indicates optimal staining with the VT7 antibody.
VT7 antibody was capable of demonstrating an intense (111) immunoreactivity, and this was obtained only with HIER and an antibody concentration of 1 mg/mL. Further optimization of the VT7 MAb using concentrations in the range of 0.1-1 mg/mL on sections of the MTB showed that a concentration of 0.4 mg/mL was optimal with strong staining intensity and negligible background staining (data not shown).
These IHC results, together with previous published biochemical analyses (Moller Sorensen et al. 2005) , indicate that the seven MAbs (VT1, VT2, VT4, VT5, VT6, VT7, VT8) are highly specific for TIMP-1 detection in archival human FFPE tissue sections. However, regarding sensitivity, results demonstrate that the VT7 clone is superior to the other clones.
IHC Staining of Normal Endocrine Tissue Sections with VT7
In order to further test the specificity and sensitivity of the VT7 antibody, a range of various normal and neoplastic human endocrine FFPE tissue sections was stained for TIMP-1 protein immunoreactivity using the VT7 MAb (0.4 mg/mL) in combination with a HIER protocol (target retrieval solution, pH 6.1). Tissues were selected in order to cover an array of tissues from various endocrine organs, thereby gaining an overview of the IHC specificity of the VT7 clone.
For the normal tissues, TIMP-1 stainings were strongly (111) positive in scattered cells (''neuroendocrine cells'', see above) of the normal colon as shown previously for the higher concentration (1 mg/mL) of the antibody (Table 1; Figure 2 ). All other cell types in this tissue were negative, including the epithelial cells ( Figures 4A and 4B) . The same staining pattern was also seen in the rest of the tissues of the alimentary tract including esophagus, stomach, small intestine, and rectum (Table 2 ). In pancreas, the VT7 clone detected TIMP-1 protein in islets of Langerhans cells in normal pancreas with high intensity (111), whereas the acinar cells were negative (Table 2 ; Figures 4C and 4D ). VT7 detected with equally high intensity TIMP-1 protein in chief cells of normal parathyroid gland (Table 2 ; Figures 4E and 4F) and with moderate intensity chromaffin cells of the adrenal medulla (Table 2 ; Figures 4G  and 4H) , both belonging to the neuroendocrine cell population of the human body. In all cells mentioned, subcellular localization of the TIMP-1 protein was the cytoplasmic compartment. Identity of TIMP-1-positive cells as neuroendocrine cells was confirmed by a chromogranin A (neuroendocrine marker) staining of all endocrine tissues (data not shown).
IHC Staining of Neoplastic Endocrine Tissues with VT7
For the neoplastic endocrine tissues, neuroendocrine cells also showed intense TIMP-1 staining. All carci- Figure 2 Immunohistochemistry (IHC) for TIMP-1 performed on parallel tissue sections of hyperplastic prostate (A-C) and normal colon (D-F) with the VT7 MAb (1 mg/mL) using different IHC protocols concerning antigen retrieval. (A,D) No antigen retrieval. (B,E) Proteolytic pretreatment (proteinase K). (C) Heat-induced epitope retrieval (HIER) in 10 mM citrate buffer, pH 6. (F) HIER in target retrieval solution, pH 6.1. Strong immunoreactivity is obtained in both tissues with HIER pretreatment (C,F), and weak staining is also seen without pretreatment (A,D). In prostate, staining is observed in the epithelial cells (e) of A,C with no staining in the stroma (s). In normal colon mucosa, immunoreactivity is seen in neuroendocrine cells (arrows in D,F). Bars: A-C 5 50 mm; D-F 5 20 mm. noids included in the study showed an intense TIMP-1 staining of the tumor cells including lung carcinoid that originates from Kulchitsky cells (K-cells) of the bronchi (Table 2) , appendiceal carcinoid (Table 2) , rectal carcinoid (Table 2) , and small intestinal carcinoid (Table 2 ; Figures 5A and 5B) . Furthermore, insulinoma of the pancreas that originates from the b-cells of the islets of Langerhans (Table 2 ; Figures 5C and 5D) , MTC that originates from the C-cells of the thyroid gland (Table 2 ; Figures 5E and 5F) , and pheochromo-cytoma that originates from the chromaffin cells of the adrenal medulla showed a strong staining of the tumor cells (Table 2 ; Figures 5G and 5H ). In addition, tumor cells of a neuroblastoma (Table 2) likewise demonstrated an intense immunoreactivity (111). Finally, tumor cells of a Merkel cell tumor showed a pale immunoreactivity (1) with the VT7 MAb (Table 2 ). Similar to the normal endocrine tissues, subcellular localization of the TIMP-1 protein in the cells was the cytoplasmic compartment of all tumor cells tested, and the identity of the TIMP- (G) VT8 used at the same concentration (1 mg/mL). Immunostaining is seen in tumor cells (t) with all seven antibodies with little or no staining observed in the stroma (s). The strongest immunoreactivity is seen with clone VT4 (C) and VT7 (F). The target retrieval solution, pH 6.1, is used in the HIER protocol for all the stainings. Bar 5 100 mm.
1-positive cells as belonging to the neuroendocrine cell population was confirmed by a chomogranin A (neuroendocrine marker) staining (not shown).
Stability of IHC Staining with VT7
All tissues used for optimization of IHC staining with the anti-TIMP-1 antibodies in this study were obtained from archival samples with no registration of fixation time. In order to test whether the performance of the VT7 MAb varied according to the fixation time, the VT7 antibody was tested on normal colon tissue sections fixed in 4% neutral-buffered formalin for 6 h, 24 h, 96 h, or 6 days. No difference in the staining intensity of the TIMP-1-positive cells in the colon tissue was observed (data not shown).
Furthermore, to test if prolonged storage of paraffin sections affects immunostaining, tissue sections were cut from the MTB and stored at 4C for 30, 21, 7, or 1 day(s), respectively, before staining with the VT7 antibody. There was no difference in staining intensity of TIMP-1-positive cells (data not shown).
Discussion
Seven TIMP-1 MAbs that had previously been biochemically characterized (Moller were tested in this study in order to determine the sensitivity and specificity for IHC detection of TIMP-1 in FFPE tissue sections. Results of this study show that when a specified IHC protocol was followed, all seven antibodies resulted in a similar staining pattern in the cytoplasm of cells from normal and neoplastic tissues, which previously had been demonstrated by other research groups to be immunoreactive for TIMP-1. These cell types/tissues included islets of Langerhans cells in normal pancreas (Tomita and Iwata 1997) , epithelial cells of the hyperplastic prostate (Isisag et al. 2003; Liu et al. 2005) , tumor cells of the MTC (Tomita 1997b) , and fibroblast-like cells of malignant melanoma (Airola et al. 1999 ). Furthermore, antibodies showed positive immunoreactivity of neuroendocrine cells of normal colon mucosa, Purkinje cells of cerebellum, and a fraction of cells in the germinal centers of normal tonsil. To our knowledge, TIMP-1 protein has not previously been demonstrated by IHC in these cell types in human tissue, but our results are supported by findings from other research groups. Although TIMP-1 has not been shown previously in neuroendocrine cells of normal colon mucosa, it has been demonstrated in several other human neuroendocrine cell types (Tomita 1997b; Iwata 1997,1999) . Furthermore, similar to our finding in human cerebellum, Vaillant et al. (1999) demonstrated TIMP-1 by IHC in Purkinje cells of rat cerebellum. Finally, it has not been clarified which cells are responsible for immunoreactivity with the VT antibodies in the germinal centers of normal tonsil. However, one possibility is B cells because TIMP-1 mRNA has been previously demonstrated by Northern blot analysis in isolated tonsillar B cells (Stetler-Stevenson et al. 1997) . In order to validate IHC results for the three cell types/tissues, further studies and a more extensive sample material are needed.
Specificity of the VT antibodies for TIMP-1 was confirmed by various controls: MTB sections incubated with an irrelevant MAb against Aspergillus niger glucose oxidase, IgG 1 , diluted to the same IgG concentration as the primary antibody, as well as MTB sections incubated with VT7 antibody pre-absorbed with a 10-fold molar excess of purified recombinant soluble TIMP-1 protein displayed no staining. Furthermore, BLAST analysis of the specific sequences (linear epitopes) of the TIMP-1 protein that react with VT2, VT6, and VT7 (Moller ) demonstrated that no known sequences in other human proteins matched the sequences of the TIMP-1 protein that react with these antibodies.
The fact that some of the seven antibodies bind to different epitopes on the TIMP-1 protein but at the same time show the same IHC staining pattern further supports the specificity of these antibodies. Finally, extraction of proteins from FFPE tissue sections followed by Western blotting with the VT7 antibody demonstrated an z28-kDa band in the tissues that had proven positive for TIMP-1 by IHC (hyperplastic prostate and MTC), whereas no band was detected in the tissues negative by IHC (normal kidney and normal liver).
Sensitivity of the seven TIMP-1 MAbs depended strongly on three parameters: the antigen retrieval protocol, the concentration of the antibodies, and the tested cell type/tissue. For all VT antibodies, HIER in citrate buffer, either the ''classic'' 10 mM citrate buffer, pH 6, or target retrieval solution, pH 6.1 (modified commercial citrate buffer), generally resulted in an increase in intensity of immunoreactivity. However, the VT7 clone was found superior because this antibody demonstrated an optimal staining intensity (111) even at very low concentrations (0.1-1 mg/mL) for all TIMP-1-positive tissues tested when using a citrate buffer for antigen retrieval.
A potential difficulty with FFPE tissue is formalin cross-linking of tissue proteins. In addition, the process of tissue embedding can mask or destroy antibody epitopes. This is particularly problematic for MAbs if the single epitope recognized is sensitive to formalin The VT7 antibody is diluted to a concentration of 0.4 mg/mL, and the target retrieval solution, pH 6.1, is used in the HIER IHC protocol.
fixation. A way to circumvent this problem is to unmask cross-linked epitopes by pretreatment of the tissue sections with an antigen retrieval method such as digestion with proteases or by HIER in pretreatment buffers (Shi et al. 1997 (Shi et al. ,2001 . As demonstrated in the comparison of the seven VT antibodies in this study, different antibodies to TIMP-1 exhibit different sensitivities to antigen retrieval procedures. Therefore, it is unlikely that a single optimized method for IHC stain-ing of TIMP-1 in FFPE tissue sections will be achievable for all TIMP-1 antibodies. However, for the VT7 antibody, optimal staining intensity was accomplished by using HIER in combination with a citrate buffer for detection of TIMP-1 protein in various tissues.
In order to further test the performance of the VT7 antibody, we used the optimized protocol (including HIER in a citrate buffer) on a range of neuroendocrine tissues previously described as immunoreactive with TIMP-1 antibodies (Tomita 1997a,b; Iwata 1997,1999 ) and on three other endocrine tissues (pheochromocytomas, various carcinoids, and adrenal glands). Results of this study confirmed that the VT7 antibody at a very low concentration (0.4 mg/mL) reacts specifically and with high-staining intensity with various normal, benign, and malignant neuroendocrine tissues (see Table 2 ; Figure 4 and Figure 5 ). Therefore, these data support the work of Tomita and Iwata (1999) and their suggestion that IHC staining for TIMP-1 could be used as a new marker for neuroendocrine cells. Little is known regarding the function of TIMP-1 in endocrine tissues, but it has been suggested that the balance between MMPs and TIMPs may contribute to the structure-function relationships of the endocrine organs (Tomita and Iwata 1999) .
In summary, a direct comparison of seven different TIMP-1 antibodies revealed that all the antibodies detected the TIMP-1 protein in various normal and neoplastic FFPE tissues and in clone VT7 was superior for IHC detection of TIMP-1 in FFPE tissue sections when using HIER.
